Some wheat histone H4 genes have been cloned from a Charon 4 wheat genomic DNA library using sea urchin histone H4 DNA as a probe.
INTRODUCTION
Histone genes have been cloned from a variety of eukaryotes (yeast and animal) and their structural organization has been well investigated (1) (2) (3) (4) (5) (6) .
Several common features of histone genes have become apparent from a lot of studies.
In sea urchin and Drosophila, five kinds of histone genes (HI, H2A, H2B, H3 and H4) are aligned in a definite pattern so as to form a gene unit, but in other organisms they do not always form such a unit, although being in clusters.
The extent of repetition of histone genes may depend on developmental needs rather than the haploid genome size (7) .
The sequences flanking the histone coding region at both the 5' and 3' ends show a high degree of sequence homology even in different organisms.
Informative evidence concerning histone genes has so far been reported for animals and yeast, but liitle is known about those of higher plants.
In this communication we report cloning of a wheat histone H4 gene and its structure. The 1.2 kb cloned fragment including one of the histone H4 genes was sequenced and the 5 1 end of wheat histone H4 mRNA mapped on it.
The copy number of the H4 gene in the wheat genome was also estimated.
MATERIALS AND METHODS Wheat strain
Seeds of wheat, Triticum aestivum L. cv. Horoshirikomugi, were supplied by the Kitami Branch of the Hokkaido Agricultural Experiment Station. Extraction of DNA and RNA from Isolated nuclei Embryos used for preparation of DNA were obtained from dry seeds by the method of Stern (8) and those for RNA preparation from seedlings grown at 23° C for 18 hr in the dark.
Nuclei were isolated from the embryos by the modified method described by Luthe and Quatrano (9) .
DNA was prepared from isolated nuclei by CsCl-equilibrium centrifugation according to the method of Bedbrook e_t al. (10) and RNA extracted from isolated nuclei in the presence of polyvinylsulfate and diethylpyrocarbonate as RNase
Inhibitors by the SDS-phenol method, followed by precipitation of RNA in 2 M LiCl to remove nuclear DNA. Wheat Charon 4 library and molecular cloning Charon 4 was provided by Dr. F. R. Blattner, and two Escherichla coll lysogenes, NS428 and NS433, were provided for preparing packaging extracts by Dr. K. Saigo.
Wheat total nuclear DNA was partially digested with Eco RI and fractionated on a sucrose-gradient.
DNA fragments of 12 to 24 kb long were collected and then ligated to the Charon 4 arm. The concatemeric DNA was packaged jjn vitro by the method of Sternberg (11) .
The phage plaques obtained were screened using the procedure of Benton and Davis (12) .
As probes for the gene cloning, the DNA fragments encoding sea urchin histones H2A, H2B, H3 and H4 were isolated from a recombinant plasmid (pBh having the sea urchin histone h22 unit (13) , kindly provided by Dr. M. L. Birnstiel, and 32 P-labeled by nick-translation (14) .
Filter hybridization
The hybridization solution contained 1.5 M NaCl, 50 mM Tris-HC1, pH 8.0, 1 mM EDTA, 10 x Denhardt's solution (15) , 0.1 % SDS, sonicated heat-denatured _E_. coll DNA, 10 pg/ml, poly(A) + RNA, 30 ug/ml, and 50$ formamide. Nitrocellulose filters were dipped in the above solution at 37°C for 3 hr and hybridized with heatdenatured probes in the same solution at 37°C for 24 to 36 hr. The filters were washed with 2 x SSC containing 0.1 % SDS at 65°C in the plaque hybridization or with 0.5 x SSC containing 0.1 % SDS at 65°C in the Southern blotting analysis (16) . DNA sequencing and SI nuclease protection mapping DNA sequencing was performed by the method of Maxam and Gilbert (17) with slight modifications and SI nuclease mapping carried out as described by Berk and Sharp (18) .
RESULTS AND DISCUSSION
Isolation and characterization of a histone H4 genomal clone A wheat genomic DNA library was screened for phages 32 containing the wheat H4 gene using P-nick-translated sea urchin histone H4 DNA, by the in situ plaque-hybridization procedure of Benton and Davis (12) . After three rounds of screening of about 100,000 phages, 12 phages were plaque-purified. Three of them were also hybridized with sea urchin histone H3 DNA but none of them were hybridized with sea urchin histone H2A or H2B DNA (data not shown).
One of the phage clones, XTHOll, that was hybridized with both sea urchin H4 and H3 DNA was selected for determining the structural organization of the wheat histone H3 and H4 genes ( Fig. 1) .
When the recombinant phage DNA having the wheat H3 and H4 genes was digested with Hind III, a 1.2 kb fragment was hybridized with the sea urchin H4 DNA and an adjacent 1.6 kb one hybridized with the sea urchin H3 DNA. The 1.2 kb Hind III fragment was recloned into pBR 322 to generate the subclone pTHOll (Fig. 2) . The 1.2 kb insert in pTHOll was sequenced by the method of Maxam and Gilbert (17) (Fig. 3) .
As shown in A closed circle indicates the 32 P-labeled 5' end. Fig.3 , the amino acid sequence deduced from the DNA base sequence of the wheat histone H4 protein was identical to the amino acid sequence of pea histone H4 which was reported by DeLange e_t al. (19) .
However, it somewhat differed from that of calf H4 histone (20) in two amino acid substitutions, that is, Val and Lys at posisions 60 and 77 from the N-terminus in the calf histone are replaced, respectively, by He and Arg in the wheat histone.
Thus, it is evident from the above result that there are no introns in the protein coding region of the cloned wheat H4 gene as well. 5'-and 3'-flanking regions of the H4 gene In order to map the 5' terminus of wheat histone H4 mRNA on the cloned gene, SI mapping was carried out.
pTHOll was digested with Ava II to yield a DNA fragment of the 288 bp long containing both the 5'-flanking and coding regions of the wheat H4 gene (Fig. 2) .
After the fragment was labeled at the 5' end 32 with P, the coding strand was isolated and hybridized with Bases are numbered from the first base of the translation initiation codon which is marked as 1, and the coding region is represented by triplets, including both the initiation and termination codons. The proposed TATA sequence is boxed, and the sequence similar to the 5'-GATCC-3' sequence and the CCAAT box are underlined.
The presumed transcription initiation site of the cloned histone H4 gene is marked by an arrow-head (see Fig.  4 ).
In the 3'-flanking region, a dyad symmetry sequence is marked by arrows and the sequence that resembles 5'-AATAAA-3' is designated by a broken line. The Sl-treated DNA-RNA hybrids were denatured and electrophoresed on 8 % sequencing gels for 2.5 hr (a) and 5 hr (b).
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The nucleotide sequence is represented on the non-coding strand. The Ul band in (a) was detectable by visible inspection. An arrow-head indicates the longest DNA fragment protected from SI digestion and an asterisk denotes the first nucleotide of the translation initiation codon. total nuclear RNA prepared from embryos of wheat seedlings. The hybrids were treated with various amounts of SI nuclease according to Berk and Sharp (18) .
As shown in Fig. 4 , when the Sl-protected DNA fragments were run in parallel with a DNA sequence ladder, two groups of Sl-protection bands were observed (Fig. 4a) .
One is the bands (denoted by Ul and U2) which were detected in the upper part of gels and the other is the bands (indicated by L) which appeared in the lower part of gels. The Ul and U2 bands became clear in a separate Sl-mapping experiment (Fig. 4b) .
The Ul band is probably the DNA fragment protected by RNA transcripts from the cloned H4 gene, because the relative intensity of the Ul band to the U2 one rose on stringent treatment with SI nuclease.
The U2 and L bands are possibly the DNA fragments protected by RNA transcripts from many other histone H4 genes existing in the wheat genome, because it is supposed that in the histone H4 genes the nucleotide sequence in the 5'-untranslated region is much less conserved than that in the protein coding region.
Although some faint bands were still detected on stringent SI treatment (Fig. 4b, lane 2) , the longest DNA fragment protected from the SI digestion was estimated to be 133 nucleotides long from the Ava II end of the labeled probe. Thus, the 5' terminus of mRNA for the cloned H4 gene could be mapped at the position "A" 67 nucleotides upstream from the first nucleotide of the translation initiation codon on the noncoding strand (see Fig. 3 ).
In the 5'-flanking sequence of the H4 gene we found the TATA box-like sequence, 5'-TTTAAGA-3', which was centered at a point 98 bases upstream from the translation initiation point (see Fig.   3 ).
This sequence somewhat differes from the canonical sequence TAT of 5'-TATA ATA -3' found in eukaryotic class II genes (21), but it has been reported for chicken histone H5 gene (22) and chicken lysozyme gene (23) that there are the sequences similar to the 5i-TTTAAGA-3' sequence as candidates for the TATA box. Two nucleotides upstream from the putative TATA sequence, there was the sequence of 5'-GACCC-3', similar to the sequence of 5'-GATCC-3' that is known to be characteristic of histone genes of several genera (7) .
In addition, the sequences of 5'-CCAT-3' and 5'-CCACT-3', similar to the CCAAT box (24) which is commonly seen in eukaryotic class II genes, were also found 46 nucleotides upstream from the putative TATA sequence.
This motif has not so far been found in animal or yeast histone H4 genes (7) .
It has been reported in several organisms that the histone r gene has a conserved GC-rich dyad symmetry motif, 5'-GGC CTTTTCAG p -L m Â GCC-3', hyphenated by four Ts in the 3'-flanking region (7) . A Birchmeier et_ _al. (25) suggested that this motif may be a part of the termination sequence of transcription.
In the wheat histone H4 gene a similar short dyad symmetry sequence, 5'-ACTTGTTTAGT-3', could be seen 70 nucleotides downstream from the last nucleotide of the translation termination codon (see Fig. 3 ), but is considerably differed from the consensus sequence given for other histone genes.
In addition to it, the sequence of 5'-AACAAA-3', which resembles the putative polyadenylation motif of 5'-AATAAA-3' (26), was seen 116 nucleotides downstream from the termination codon.
However, we have no evidence for the transcription termination site of the wheat H4 gene or the existence of the poly(A) tail in the H4 mRNA.
So, the biological functions of the sequences of 5'-ACTTGTTTAGT-3' and 5'-AACAAA-3' remain unknown. Reiteration of the wheat H4 gene
To estimate the copy number of histone H4 genes in the wheat genome, Hind Ill-restricted total nuclear DNA of embryos was electrophoresed on gels in parallel with known quantities of cloned wheat H4 DNA and analyzed by Southern-blotting with the 32 P-nick-translated Hae III fragment (255 bp long, containing the wheat H4 coding sequence). As shown in Fig. 5 , the hybridization band pattern of genomic DNA was not simple; that is, the nicktranslated histone H4 DNA was hybridized with many different sizes of fragments of Hind Ill-digested nuclear DNA (lane 1), thus suggesting that wheat H4 genes exist in a dispersed fashion and not in the form of repeating DNA units in the genome. This is in contrast to the cases of sea urchin and Drosophila histone genes, even if one considers that the wheat strain used here is hexaploid.
On estimation of the copy number of the H4 gene using known amounts of Eco Rl-digested XTH01 and pTHOll DNA as standards assuming a C value for Triticum of 18.1 pg (27) (see lanes 2-4 in 12 3 4
0kb
55kb Figure 5 . Reiteration of the wheat histone H4 gene in the genome and estimation of the copy number of this gene. Hind Ill-digested total nuclear DNA from wheat embryos and a mixture of Eco RI digests of ATH01 and pTHOll DNA were simultaneously run in a 0.8 % agarose gel and blot-hybridized with the wheat H4 coding fragment P-labeled by nicktranslation.
Lane 1, 10 ug of Hind III-digesed wheat nuclear DNA.
Lanes 2-4, each quantity of A.TH01 and pTHOll DNA was adjusted to become 2.5 (lane 2), 5 (lane 3), and 12.5 copies (lane 4) of the H4 genes per hexaploid wheat genome, assuming that the C value of the wheat genome is 18.1 pg (27) .
The 13.0 kb and 5.5 kb fragments contain the H4 gene in ATH01 and pTHOll, respectively.
Fig.
5), each band in the blot-hybridization pattern was determined to occur with a copy number of 3-10 per hexaploid wheat genome by scanning a less heavily exposed autoradiogram with a densitometer.
As the result of summation of all the bands, we estimated the total copy number of the H4 genes to be in the range of 100 to 125 per hexaploid wheat genome. This value is a good agreement with the number of H4 positive plaques obtained from independent screenings of the wheat Charon 4 library (an average of one positive per 8,000 plaques).
It is unknown as yet whether the H4 genes are all expressed or whether there are any pseudogenes of the histone H4.
In addition, even if all the H4 genes are expressed in wheat, there may be certain differences in the extent of transcription or the stage of expression during development.
Some experiments are now in progress to clarify these points.
